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POLYMER INFILTRATION STUDIES
SUMMARY
During the reporting period progress has been made in several areas on the
preparation of carbon fiber composites using advanced polymer resins. The results are set
forth in recent reports, and publications, and will be presented in forthcoming naitonal and
international meetings.
Current and ongoing research activities reported herein include:
- LaRC Powder Process
Weaving. Braiding and Stitching Dry Powder Prepreg
Advanced Tow Placement
Customized ATP Towpreg
Research during the period ahead will be directed toward improved dry powder
prepregging preparation of towpreg for textile perform weaving and braiding and for
automated tow placement. Studies of multi-tow powder prepregging will be initiated in
conjunction with continued development of prepregging technology and hte various aspects
of composite part fabrication using customized towpreg..
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_o Introduction
Polymer infiltration studies during the period have dealt with ways of preparing
iscomposite materials from advanced polymer resins and carbon fibers. This effort
comprised of an integrated approach to hte process of composite part fabrication.
The goal of these investigations is to produce advanced composite materials for
automated part fabrication utilizing textile and robotics technology in hte manufacture of
subsonic and supersonic aircraft. The object is achieved through research investigations at
NASA Langley Research Center and by stimulating technology transfer between contract
researchers and the aircraft industry.
The sections of this report cover literature reviews, status report on individual projects,
current and planned research, and publications and scheduled technical presentations.
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Textile Study
Objective
To continue the development of powder-coating technology for
textile applications in composite part fabrication. This work parallels
the effort on thermoset powders that is currently being performed at
BASF as part of the ACT program with NASA and Lockheed. The
powder prepregging program at NASA uses both thermosetting and
thermoplastic powders, and is a dry powder prepregging method,
which is distinct from the BASF slurry process.
Introduction
During the period ahead, the dry powder prepregging program for
textile applications will have the following approach. Both
thermosetting and thermoplastic resins will be investigated for the
prepregging of carbon fibers.
This project will entail the powder prepregging to be performed at
NASA, and weaving and braiding of fabrics and preforms to be
performed by a Contractor. In support of the program, the amounts
of towpreg shown in the following table will be prepared by NASA
for shipment to the Contractor. Woven and braided materials will be
shipped to NASA by the Contractor for tests.
Materials
The program has been divided into four phases of work that will be
described later. The constants throughout the study will be one fiber
type (12k yarns of AS-4), one epoxy resin (PR-500, CET-3, or
RSS1952), one thermoplastic resin (LARC_-TPI), one weave pattern
(eight harness satin), and one braid pattern (triaxial braid of
[0/+30/-30]). These constants are essential in making useful
comparisons of mechanical properties.
-._f-
Phase
I
II
Linear feet of 12k towpreg
Resin s_'stem Weaving Braidina
Thermoset 6000 6000
Thermoplastic 6000 6000
TS w/35% r.c. 3000 3000
TS 40% 3000 3000
TS 45% 3000 3000
TS50% 3000 3000
TP 35% 3000 3000
TP40% 3000 3000
TP 45% 3000 3000
TP 50% 3000 3000
III TS 22,000 22,000
TP 22.000 22,000
I V TS 10,000 10,000
TP 10,000 10,000
A total of 200,000 feet of towpreg amounting to 40 kg will be
prepared for weaving and braiding.
During the past year, the appropriate towpreg characteristics have
been established along with weaving protocol. The previous issue of
towpreg with loose filaments is currently being resolved by
redesigning the fiber spreading action and the deposition method.
Towpreg that will be produced for this study will be suitable for
weaving. NASA will instruct the weaver for rewinding and loom
operation necessary to make weaving possible.
While dry powdered towpreg has not been braided, the fiber
handling knowledge gained from weaving will be transferrable to the
braiding with appropriate allowances for the different machines.
The prior NASA experience with textile processing of towpreg will be
shared with the Contractor to provide guidance in weaving and
braiding operations. Therefore, the Contractor will be primarily
expected to provide services using the supplied materials and the
machine knowledge.
Approach
Phase I involves the development of cure cycles for both the woven
and braided fabrics of thermoset and thermoplastic towpreg. 3" x 3"
trial laminates of varying thicknesses will be used to establish the

appropriate cure cycle for through-the-thickness resin infiltration.
Then, the width and length of the composite will be scaled up to 6" x
6" for determination of area effects on laminate consolidation.
Phase II examines the effects of using dry powder-coated towpreg
on weaving and braiding parameters. Towpreg lots of varying resin
contents (35-50% resin by weight) will be supplied to the Contractor
for iterations on determining the optimum resin content and
resulting fiber areal weight. Relationships will be established for
percent voids and short beam shear strengths versus fiber volume
fraction. 60% fiber volume fraction will be used as the target. With
the cure cycle from Phase I, both autoclave and out-of-autoclave
processing will be investigated.
Phases I and II will be run somewhat concurrently.
Phase III focuses on the mechanical properties of the woven and
braided materials. Tension, short block compression, and
compression-after-impact strengths will be measured at room
temperature, along with short block compression strengths under
hot-wet conditions.
Phase IV results in the fabrication of a stringer panel. This portion
will be a culmination of what was determined from Phases I and II,
namely the cure cycle and weaving and braiding parameters.
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Statement of Work
Subject: Textiles from Dry Powder-Coated Towpreg
The Contractor shall weave and braid materials made from 12k
carbon fibers coated with thermosetting and thermoplastic polymer
powder. The materials to be used shall be supplied by NASA at no cost
to the Contractor. The weaving and braiding shall be executed with
guidance from NASA representatives for establishing material handling
and loom and braider set-up and operation. Up to 100,000 linear feet
of 12k powder-coated towpreg is to be woven into eight-harness satin
fabric, and 100,000 linear feet of 12k towpreg is to be braided into
triaxially [0/_+30] braided flat panel preforms.
During the course of the weaving phase of the work, the
Contractor will receive 100,000 linear feet to be provided in six lots of
thermosetting polymer towpreg and six lots of thermoplastic towpreg.
Five of the six lots will have an average of 4000 linear feet, while the
sixth will be approximately 30,000 feet. The smaller 4000 foot lots
will have various yarn qualities, specifically different resin contents
and different flexural rigidities. Prior NASA experience and the
weaving of these five lots, with differing towpreg qualities, will enable
NASA and the Contractor to establish optimal weaving operations for
the production of high quality fabric from dry powder coated towpreg.
This knowledge will be used for the final conversion of the 30,000 feet
of towpreg to fabric.
For the braiding phase of the work, the Contractor will be
provided with an additional 100,000 feet of towpreg. As with the
weaving studies, the 100,000 feet will be supplied in six lots of
thermoset towpreg and six lots of thermoplastic towpreg, five of which
will be used to establish the optimal protocol for braiding. This
information will be used for the final conversion of 30,000 feet of
towpreg to braided fabric.
The woven and braided material made by the Contractor from
the supplied towpreg shall be shipped to NASA Langley Research
Center, Building 1206, c/o Robert M. Baucom, Mail Stop 226, Hampton,
VA 23665-5225.
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FIGURE 2. WOVEN TOWPREG CURE CYCLE
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Consolidation and
polymer flow
Vacuum is used to eliminate air voids.
Pressure ramp allows time for fiber
movement into a compact arrangement
with minimum fiber crimping and breakage.
Pressure ramp also provides time for resin
flow and adhesion.
Holding temperature above Tg or
Tm anneals the composite relieving
fiber elastic stresses.
Cooling below Tg or Tm stops
consolidation before thickness curve
flattens and avoids resin squeeze
out and resulting dry spots.

DIFFERENT APPROACHES TO APPLYING RESIN TO FIBER
Joseph M. Marchello, Old Dominion University
Richard Moulton, Applied Poleramic, Inc.
Doyle Dixon, Applied Poleramic, Inc.
INTRODUCTION
Prepreg definition:
Tow
Tape
Fabric
Resin Impregnation for Manufacturing Processes
On-line:
Pultrusion, filament winding, resin transfer molding
Off-line:
Autoclave, bag molding, compression molding, pultrusion,
filament winding, tow placement
PROCEDURES/EQUIPMENT
Hot Melt
Solution
Slurry (Powder)
Dry Powder
Electrochemical Polymerization/Deposition
Vapor Phase Polymerization/Deposition
PRECONSOLIDATION
Resin Flow
Wetting
Voids
Web Elasticity
Thermoset Cure
PROCESS SELECTION
Thermosets
Thermoplastics
Manufacturing Method

PREPREG METHODS
SOLUTION- Polymer is dissolved in a solvent and fiber tow
impregnated with the low-viscosity solution. Requires
removal of solvent after impregnation. Limited to
polymer/solvent systems.
SLURRY- Polymer particles are suspended in a liquid and
fiber tow impregnated with particles. Requires carrier
liquid removal after impregnation. Limited by need for
uniform suspension of particles.
HOT MELT- Fiber is impregnated with molten polymer in
a resin bath, between nip rollers or by extruder feeding
of molten polymer into a die though which the fiber
rovings pass. Requires low viscosity polymer melts or high
forces on fibers which may cause damage.
FILM STACKING - Unidirectional fiber tows or woven
fabrics stacked with plastic sheets and compressed. Labor
intensive, requires high flow resins or high pressure.
Difficult to wet out tow filaments with high molecular
weight plastics.
FIBER CO-MINGLING - Polymer spun into yarn and
mingled with reinforcing fiber tow. Limited by cost of
spinning polymer into yarn fibers.
DRYPOWDER - Polymer powder is introduced into fiber tow
and heat sintered to fibers. Fluidized or loosely packed
powder bed. Thermoplastic and thermoset powders may
be used. Concerns are with uniformity of powder coating.

RESIN IMPREGNATION
FOR MANUFACTURING
ON-LINE:
PULTRUSION
FILAMENT WINDING
RESIN TRANSFER MOLDING
OFF-LINE:
AUTOCLAVE
BAG MOLDING
COMPRESSION MOLDING
PULTRUSION
FILAMENT WINDING
TOW PLACEMENT

iPREPREG TYPES
TOW
- Single fiber tows
impregnated with
polymer matrix. Yarn or
ribbon
_y
TAPE
- Unidirectional
fiber
with
range
tows
polymer.
in width
array of
impregnated
Tapes
up to
several meters.
FABRIC
- Woven and braided tows.
May be Impregnated
with polymer before or
after fabrication.
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FIBER VOLUME
Find fiber volume
properties and use.
that gives best composite
Fiber volume is established during prepregging
In General: Unitape, unidirection composites,
require smaller amounts of resin resulting in
fiber volumes as high as 65%. Angle-plied
unitape composite and fabric composites need
more resin to f'lll cross-fiber spaces resulting in
lower optimum fiber volumes.
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tPROCEDURES
AND EQUIPMENT
HOT MELT
SOLUTION
SLURRY (POWDER)
DRY POWDER
ELECTROCHEMICAL
POLYMERIZATION
VAPOR PHASE DEPOSITION

HOT MELT PREPREGGING
Cast film onto release paper from molten
material using reverse roll coster or knife-over-
plate coater.
Run fiber onto coated paper, cover with second
release paper and run this sandwich into nip roll.
- Remove top paper and wind roll

SOLUTION AND SLURRY PREPREGGING
- Viscosity/solids concentration/density relationship
Film high viscosity solution onto release paper or
run fibers through dip tank and onto release
paper, or
use both of the above to achieve proper resin
control.
Cover with top paper and pass into nip roller
- Remove both papers for solvent devolatilization in
oven or heat source
- Add carrier paper (optional)

CALENDERING
- Through the thickness of the fiber bundle
- Nip roll pressure
atmospheres
may exceed 100
- Sheet speeds up to 2 m/sec
- Compression time intervals as short as 0.01
seconds
DIE FORMING
- Die pressures up to about 10 atm.
- Pulling rates
ultrasonics
Pressure
seconds
as high as 2 m/sec with
time intervals as short as 0.25

Res_ _
Buldge
Tow
Temperature
g or Tm
hickness (voids)
Cold Tape and Hot Rollers
NIP ROLLER CONSOLIDATION CYCLE
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PREPREG CALCULATIONS
VARIABLE DEFINITIONS
FAW = DRY FIBER AREAL WT. (g/m 2)
RAW = DRY RESIN AREAL WT. (g/m 2)
PAW = DRY PREPREG AREAL WT. (g/m z)
= PREPREG AREAL WT WITH VOLATILES (g/m 2)
wfl = FIBER WEIGHT FRACTION OF PAW OR (PAW)wr-r
Wm = MATRIX WEIGHT FRACTION OF PAW OR
(PAW)wET
= SOLVENT WEIGHT FRACTION OF (PAW)wET
Wsotm = SOLID WEIGHT FRACTION OF SOLUTION,
i.e. 40% SOLID SOLUTION
(PAW)w_T
WSOLVENT

t = DRY PREPREG THICKNESS (cm)
(t)WZT = PREPREG THICKNESS WITH VOLATILES
(cm)
9c = PREPREG DENSITY (g,/cm 3)
(9_)WET = PREPREG DENSITY
(g/cm 3)
WITH VOLATILES
ENDS = # OF SPOOLS OF FIBER
Y = FIBER YIELD (g/m) i.e., 3K, 6K, 12K, Glass,
Carbon, Kevlar
w = PREPREG WIDTH

PRE-CAST FILMS
FILM THICKNESS FOR DOUBLE SIDE COATING
RAW
_lm =
2 (100) 2 (Pro)
double side coating
= cm
I
2 (100) 2 (Psoz)wzr
WHERE: Psoz.tmoN=
1
W SOLID W SOL VENT
+
Pm Psol VENT

ENDS = FAW× W
39.37 x Y
PAW = FA W
1 -- W m
( PAW)wE r = FAW ( ( 1
]42m
- wm) W_o_, +1)
RAW = PAW- FAW
( RA W)w m, = ( PA W)gar T - FA W
!,."
PC
1
W mw/+_
P/ Pm
WHERE:
WHERE:
Pe = FIBER DENSITY
Pm = MATRIX DENSITY
wf & w., = WEIGHT FRACTION OF DRY PREPREG
1
( Pc)w_r
W m WSOLVENT
W fl + _ +
P/ Pm Psot._rr
wl
Wm "-
t _.
( t )wrr
FA W
( PAW)_r
RAW
( PAW)wet
:1 - w/- w.
= SOLVENT DENSITY
PAW
p_ (100) 2
( PAW)w_
( P_)wrr ( 100 )2

EXAMPLE
FAW = 145 g/m 2
W m = 35% or .35
Pm = 1.25 g/cm 3
PAW = 145 g/m 2 = 223 g/m 2
1 - .35
RAW = 223 g/m 2- 145 g/m 2 = 78 _m 2
_q/m =
78 g/m a
2 (100)2 (1.25 g/cm 3)
= .00312 cm
.0012 in
COATER CAP SETTING IS TYPICALLY
TWICE THE FILM THICKNESS TO
COMPENSATE FOR THE SHEAR.
.'. GAP SE'ITING = 2 (.0012 IN) = .0024 IN

FILM WEIGHTS VARY DUE TO:
_. MATRIX VISCOSITY
2. ROLL RUN-OUT
3. ROLL TEMPERATURE
4. LINE FEED
5. APPLICATOR ROLL SPEED
oo
TEMPERATURE
LOWER CURVE DEMONSTRATES A MORE OPTIMUM
CASTING RESIN.
(LESS SENSITIVE TO TEMPERATURE VARIATIONS)

FILM TOLERANCES
FAW = 145 F/M E
W m = 35% _+ 3%
[3m = 1.25 g/cm 3
Of = 1.8 g/cm3
TYPICAL
•0027 cm < tfilm < .00355 cm
•0011 in < tfilm < .0014 in
ROLL RUN-OUT AND DEFLECTIONS MUST BE LESS
THAN TWICE THE SPREAD OF .0003 IN
- STRESSES THE ACCURACY OF FILMING ROLLS

NIP ROLL GAP
ASSUME: 100% WET-OUT PREPREG
NO SOLVENTS PRESENT
t = PAW / Pc (100) 2
PC =
Wf + Wm
P/ Pm

EXAMPLE:
FAW = 145 g/rn 2
w_ = 35%
P_ = 1.25 g/cm3
tof = 1.8 g/cm 3
PAW = 145 g/m2/1 -.35 = 223 g/rn2
= 1.56 g/cm 3
t 223 g/m 2
( 1.56 g/cm 3) ( 100 g/m )2 = .0143 cm
= .0056 in
* MNIPI_uAPM.SETFING SHOULD BE SET AT .0056 IN

DIP-PAN METERING
ASSUME:
la SPECIFIC GRAVITY OF SOLUTION FOLLOWS
THE RULE OF MIXTURES.
"v
o NO SHEAR EFFECTS DUE TO
CHANGES (CONSTANT FLOW
THROUGH METERING RODS)
VISCOSITY
PROFILE
tWE T =
( PA W)rve 7
( Pc)w_r ( 100 )2
w_
EXAMPLE:
FAW = 145 g/m:
Wm = 35%
Of = 1.8 g/cm 3
IDm = 1.25 g,/cm 3
Psot.vz:,r'r = 1.07 g/cm 3
Wsot.rD = 40% SOLID SOLUTION
(PAW) ( w. I= FAW (1 - w m) WsouD ÷ 1
.35 + 1)= 145g/m 2 (1 - .35) (.40)
= 340gim a
v
( P, ),,rr
w:
W m
W SOL VENT
1
W mWf + m +
P,, P,,,
145
34O
WSOLVENT
P SOLVE2CT
RAW
PAW)wer(
= 1 -.426 -.230
WHERE:
RAW = PAW- FAW
FA W
1 -- W m
FAW
145
1 - .35
145
= 78 g[m 2
= .426
= 78g[m a = .230
340 g/m a
=.344

( P_)_r 1
.426 .23 .344
+ +
1.8 1.25 1.07
= 1.35 g/cm 3
( t)w_r 340 g/m 3
( 1.35 g/cm 3) ( 1O0)2
= .0252 cm
= .0099 in
METERING ROD GAP = .0099 IN
q
v
vr
v
,,,,¢,
v
,.¢,.
IMPREGNATION FACTORS
1. RESIN VISCOSITY AND WETABILITY
2. TEMPERATURE
3. PRESSURE
4. INDUCTION TIME
5. FIBER TYPE
ae
b.
C.
d.
Micron Size of Filament
Shape of Filament
Sizing
Carbon, Glass, Kevlar
o PROCESS - SOLUTION,
POWDER, PULTRUSION
HOT-MELT,
-%
_'7-,'
LCHEMIST MUST WORK WITH ITEM #1 AND 6
PROCESS ENGINEER CAN ALTER #1, 2, 3, 4, 6
A. NO LIMITATIONS
INDUCTION TIME
TO TEMPERATURE OR
1 INDUCTION TIME INCREASED WITH ROLL
DIAMETER, NUMBER OF ROLLS, LENGTH OF
OVEN AND DIP PANS, DECREASE IN LINE
SPEED
BQ PRESSURE
OBTAIN.
MUCH MORE DIFFICULT TO
1. NIP ROLLS NOT
IMPREGNATION
EFFECTIVE FOR
o
a. SURFACE RESIN TENDS TO FLOW
LATERALLY RATHER THAN THROUGH
THE THICKNESS WHICH CAUSES FIBER
WASH-OUT AND FIBER DAMAGE.
SOLUTION COATING, POWDER,
PULTRUSION METHODS ARE
EFFECTIVE FOR IMPREGNATION
VISCOSITY MATERIALS.
AND
MORE
HIGH
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Rciafordng
fiber
F'dm coalesces
Polym_"
Uniform d__plcts
Polymea" sheath
Coalescence in the heater.
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(b) Inm'm_u_conm_
[ ............
(c) Autohcsion or polyme_'-polymcr
interdiffasion
Consolidation of powder-impregnated thermoplastic composite.
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ELE CTR O PO LYMERI ZATI O N
Polymerization coating at
in an electrochemical cell.
an electrode surface
Conductive fibers, such as graphite, serve as the
electrode.
Polymer systems include: Maleimides,
Acrylaimide derivatives, and polyphenylene
oxide (free radical polymerization).
Solvents include: Dimethoxyethyl ether
(diglym e), ce 11osolve/carb itol glycol e the rs, ace tic
acid.
- Rate is proportional to current density and
monomer concentration.
Laboratory data indicate a 30% improvement in
impact strength and a 15% improvement in
interlaminar shear strength.
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VAPOR PHASE
PO LYME RI ZATI O N/D EPO SITI O N
Monomers vaporized and
polymerization on fibers.
deposited, with
- Systems include:
Pyrene films on
semiconductor junctions
metal-insulator-
• Polyamide (4-4'-oxyaniline and (1, 2, 4, 5
benzenetetracarboxylic anlyride) on silver
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Prepreg_ng often involves
PRECONSOLIDATION
of the resin- fiber assembly
Preconsolidation
- unitape
- fabric
- ribbon
requried:
Preconsolidation not required:
- commingled tow
- powder coated tow
lid
_,al,i
P RECONSOLIDATION
RESIN FLOW
WETTING
VOIDS
WEB ELASTICITY
THERMOSET CURE

U.!
Z
_C
m
T"
W
.J
O.
=i
.,t BULKCONSOLIDATION
' FIBER WETTING
i
ADHESION
FLOW
v I
POLYMER ELASTICITY
POWDER-
COATED
COMMINGLED
YARNS
TAPE,
RIBBON'
NETWORK ELASTICITY
00% PLY CONTACT
100% ADHESION
NO MATRIX
PRESSURE
I PREPREGGING CONSOLIDATIONZONE I ZONE
TIME
VARIATION IN COMPOSITE THICKNESS
DURING CONSOLIDATION

PRECONSOLIDATION MECHANISMS
Bulk (Initial) Consolidation - Depends on rate of
pressure application, fiber wetting and resin flow.
Fiber Wetting - Surface Tension and Long Range
Van der Waals forces; Time requirement: fraction
of a second for high flow, several seconds for low
flow resins.
Resin Flow- Viscosity and pressure; Time
requirement: capillary penetration times are several
seconds (5 sec) for low flow (1,000 poise) resins.
Autohesion- Contact area and diffusion; interface
adhesion times are of the order of seconds.
Network Stress Relaxation- Release pressure after
cooling below Tg.
Polymerization
removal
(Thermosets) - Exotherm heat
Crystallization - Cooling rate is critical between T m
and Tg: quench for amorphorous, slow cool for
large grain sizes.
_E.r
RESIN INTRODUCTION
P2
RESIN
FLOW
FRONT
h
9 2
RESIN INTRODUCTION
P1 = P2 = RESIN PRESSURE
IN THE DIE
Through The Thickness Impregnation Model
F F
+
T
•_--- D ----_
Geometry for a Unit Bending Cell Used to Derive the Stiffness
of a Bundel. Note that the Parameter [3 - L/(h-df)

IMPREGNATION FLOW MODEL
Resin flow through a porous media, Darcy's Law
q
-S dp
_. dx
S is the permeability of the fiber bundle and Iz is the
Newtonian viscosity. Carman-Kozeny equation for S.
s-d (1 -
4k I"7
re is the radius of the filament, ve is the fiber volume,
and k is the Kozeny Constant. Deformation of the fiber
bundle, Gutowski, assumes that the fibers behave as
bending beams between multiple contact points.
0
[34
-1
- =AP
-1
o is the Transverse stiffness, E the fiber bending
stiffness, and 13the fiber length to height ratio.
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FIBER SIZING
To promote adhesion of polymer and fibers,
tailored sizing may be applied to activated fibers.
Surface activation entails cleaning, etching and
oxidation of fiber to provide accessible, reactive
sites for bonding of sizing.
Sizing is selected to be nonvolatile at processing
temperature and compatible with the matrix.
Sizing often is a low molecular weight uncured
polymer that can react with activated fiber surface
and with matrix polymer.
Fiber treatment may be done in-line with fiber
formation or during prepreg formation (solution
coating).
Sizings are proprietary formulations
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VOIDS IN COMPOSITES
FORMATION-
NUCLEATION -
ENTRAPMENT OF
PRODUCTION OF
FROM VOLATILES
THE RESIN
AIR AND
BUBBLES
LEAVING
CAUSED BY MOISTURE OR
VOLATILES
VOIDS MAY DISAPPEAR DURING PROCESSING
AS A RESULT OF RESIN FLOW AND VOID
DIFFUSION IN THE FIBER DIRECTION.
A VOID MUST NUCLEATE TO A CRITICAL SIZE
BEFORE 1T BECOMES STABLE.
GROWTH OCCURS BY AIR OR MOISTURE
DIFFUSION OR BY AGGLOMERATION OF
VOIDS.
FOR GROWTH THE VOID PRESSURE MUST BE
LARGER THAN THE SUM OF THE RESIN
HYDROSTATIC PRESSURE AND SURFACE
TENSION FORCES.
DISSOLUTION MAY OCCUR DUE TO
DECREASED TEMPERATURE OR INCREASED
PRESSURE.
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Void stability map showing applied pressure versus
temperature for an epoxy at different humidities. Safe re_ons
and regions where void growth do occur are indicated.

THERMOSET TIME-TEMPERATURE-TRANSFORMATION
DIAGRAM
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PROCESS SELECTION
THERMOSETS
THERMOPLASTICS
MANUFACTURING METHOD

NEW RESIN TEST PROGRAM
Molding Cycle Development
• Matrix Resin Chemistry (Reaction Kinetics)
• Rheology (Viscoelastic Flow)
• Thermal Gravimetric Analyzer (TGA)
• Differential Scanning Calorimeter (DSC)
• Ultrasonic C-scan
• Parallel Plate Plastometer (PPP)
• Scanning Electron Microscope (SEM)
Composite Mechanical Properties
• Short Beam Shear (SBS)
• Flexural Strength - 0 °, 90 °
• Double Cantilever Beam (DCB)
• Tensile Strength - 0 °, 90 °
• IITRI Compression Strength - 0 °
• Compression After Impact (CAI)
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